Abstract: This paper discusses situation of sea navigation in south East Asia focusing on the Strait of Malacca. The strait links the Indian and Pacific oceans, which is considered one of the busiest in several narrow channels around the world. The paper highlights the significance of the strait to global maritime trade, volume of traffic, and rising environmental and social consequences in the strait. A feasibility study of constructing a new shipping canal in the South Thai Kra Isthmus as an alternative option of Malacca route had been studied since 19th century. The paper explores suitable sites for a potential shipping canal in the Kra Isthmus using physiographic spatial data i.e., elevation, sea charts, geology, soils and river systems. Each spatial data was considered as a separate decision variable for site evaluation. Separate evaluation criterions were prepared for each variable based on shipping canal requirements.
Introduction
The mobility of people and freight from one place to another and information communication are becoming basic needs of human beings. Contemporary economic processes have been accompanied by a significant growth in mobility and higher levels of accessibility. Now, societies have been increasingly dependent on their transport systems to support a wide variety of activities ranging from traveling, supplying energy needs to distributing products (Rodrigue 2005) . Globalization processes, economic These countries accounted for 35.8% of containership ownership, 45.7% of containership operation, 60.4% of seamen, 62.3% of container port throughput, 64.7% of container port operators, 83.2% of containership shipbuilding and 99% of ship demolition. In addition to being one of the focuses of the main east-west shipping routes articulated around world port leaders such as Hong Kong (China) and Singapore, it is also the focus of an intensive and significant intra-Asian shipping trade. Malacca route is most common and very busy for east-west trade. Malacca is a passage between Sumatra and the Malay Peninsula covering 900 km long distance with a width of 350km to 3 km . The shallowest depth of the strait is reported to be 25 meters (Kuppuswamy 2004) . By the Malacca route, a mass of refined and crude oil, iron ore, raw materials as well as readymade products pass west to east and vice versa on a daily basis. VLCC/DEPP Draft CR, Tanker Vessel, LNG/LPG Carrier, Cargo Vessel, Container Vessel, and Bulk Carrier are the major means of shipping transportation in the strait (Table 1) . Passenger vessels, government/navy vessels, fishing vessels also use the route. Container vessels and tanker vessels are more prominent users of the strait. 
Environmental and Social Consequences
Mitropoulos (2004) In 1993, the 255,312-ton Singapore-registered tanker Maersk Navigator collided with the empty tanker Sanko Honour in the Andaman Sea en route from Oman to Japan.
It was carrying a cargo of nearly 2 million barrels of oil. The ruptured tanker leaked burning oil and spread a slick up to 35 miles (56 km) long off Sumatra, drifting towards India's Nicobar Islands (Mariner Group 2005) . Oil spills on water devastates the marine environment. The Treasure accident can be taken as an example of an oil spill and its impact on marine environment. In the early morning of 23 June 2000, the bulk ore carrier MV Treasure sank off western South Africa between Dassen and Robben islands, both are important for seabird colonies. About 19,000 oiled penguins were collected for cleaning, 150 died on the spot and about 2,000 died within the first month. In addition to the African Penguin, other endangered seabirds were at risk from the Treasure spill (Crawford et al. 2000) .
In addition to oil, hazardous and poisonous chemicals are also transported via Table 2 should be around here.
However, sea piracies, robberies and hijackings are kinds of social illnesses which are difficult to predict in the current situation of growing worldwide terrorism.
The security concern should always be given high priority in such a bottleneck and economically strategic waterway. As more than 70 thousand ships sail this waterway 
Study area, database and method
The southern region of Thailand covering 14 administrative provinces was selected for assessing the potential sites of shipping route (Fig. 3) was analyzed using a geological map. Deeper soil is easier to excavate than shallow soils because shallow soils often cover hard rock materials. Therefore, a soil depth map was prepared for analyzing the distribution of soil depth. Similarly, a map of the major river systems was prepared considering major alterations in the agriculture, ecosystem and sediment loadings. Altogether, five geographic layers, i.e. digital elevation model, geology, soils, rivers and sea charts were evaluated one by one using map overlaying techniques with the criteria (Table 3) Spatial variables of evaluation criterions (Table 3) were setup based upon the requirement of shipping, excavation difficulties and sedimentation problems. All the maps with the selected criterions were overlaid in an ArcGIS environment and carefully evaluated to derive the potential sites for the construction of the shipping canal. After evaluating the potential areas, we computed the distance of the potential canal over land as well as at sea. Table 3 should be around here Figure 5 demonstrates the general relief patterns of the Isthmus, whereas Fig. 6 shows sample reference maps (Andaman Sea, in the west, and Gulf of Thailand, in the east) of the study area used while assessing the site. About two thirds of the land in the isthmus is found to be less than 100 m in elevation. A large proportion of low land lies in the east of Chumphon connected to Surat Thani-Krabi-Trang. In the east, undulating terrain down to a flat coastal plain is in between Nakhon Sri Thammarat, Phathalung and Songkhla. Low-lying, gently undulating terrain lies between and alongside the mountain chains over nearly one third of the region. An interesting relationship has been observed in the three spatial variables, soil depth, elevation and rock age. For example, in the mountain range in the Isthmus higher elevation produces the oldest rock material (palaeozoic) which is covered by soils ranging from shallow to very shallow. In the basin, rocks are young, having low elevation and deep soils. The relationship is higher the elevation, older the rock age and lower the soil depth.
Results and discussion
After carefully evaluating spatial data of topography, sea charts, rock age, soil depth and river system (Figs. 5 to 9) using multi-criteria decision (Table 3) analysis, we were able to derive five potential sites for the shipping canal (Fig. 10) in the Isthmus. As compared to the total distance of Sites A to E, Site B located in southern part of Chomphon and Ranong provinces, is the shortest one (Table 4) . Whereas Site C passing through Surat Thani, sharing the border of Phangnga and Krabi and exiting at Phuket waters, is the longest. As to the considered land surfaces, Site A, located in northern part of Chomphon and Ranong provinces, is the shortest one, whereas Site D passes through Nakhon Sri Thammarat and Trang becomes the longest compared to other sites.
Site A has to share the border with Myanmar (Burma) in the west which posess a long dredge because of the Pakhan river and data unavailability in the Myanmar area. As compared to the total dredge, the dredge of Site E (east coast of Songkhla and west coast of Satun) and Site C (east coast of Surat Thani and south coast of Phangnga) are found to be very long. Due to different construction requirements for dredge and land surfaces, the length of dredges are notable. Some longer time dredging may become costly for excavation and recycling of wastes than on the lands. Construction of a new shipping canal in the South Thai (Kra) Isthmus as an alternative option has been studied since the 19th century. In this paper, we attempted to assess potential sites for a shipping canal based on geophysical parameters, i.e., elevation, sea charts, geology, soils and river systems. Several bottle neck decision criteria were checked while evaluating the sites. The case study revealed five suitable geographic sites including the required length within the subset of multi-criteria decisions for potential shipping canal on the Isthmus. Furthermore, these five potential sites present the right length for a shipping canal on both land and sea. However, a detail feasibility study is necessary into environmental impact, safety measures, socio-economic aspects, and international geopolitics. A detailed topographic survey, rocks and soils samples, land use, including socioeconomic variables are sought to be included in next phase of the study. 
